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Hon. Commissioner of Patents 
Washington, D. C. 2023 1 

Sir: 

In response to the final Office Action mailed April 24, 2001, the Supplemental final 
Office Action mailed May 11, 2001, and the Advisory Action mai led September 13, 2001, 
Applicants appeal the final rejection of claims 1, 2, 4, 6, 7, 10, 1 1, and 18-22. A Notice of 
Appeal was filed on August 29, 2001. This appeal is proper under 37 C.F.R. § 1.191 because 
the clanns are finally rejected and have been rejected more than twice over the course of 

prosecution of this Apphcatio, Applicants are submitting this Brief in triplicate as required 

under 37 C.F.R. § 1.192. 

(!)• Real Party in Interest 

The real party in interest is DENSO CORPORATION, the assignee of record. The 
inventors assigned the Application to DENSO CORPORATION by an Assignment which 

was recorded at Reel 9469, Frame 0092 on September 1 5 1 998 
10/24/2001 CHGUYEN 00000048 09098730 
01 FC:120 320.00 OP 
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(2) . Related Appeals and Interferences 

There are no related appeals and/or interferences which would directly affect or be 
directly affected by or have a bearing on the Board's decision in this pending Appeal. 

(3) . Status of Claims 

Claims 1, 2, 4,6, 7, 10, 1 1, and 18-22 are pending in the Application. Claims 1, 2, 4, 
6, 7, 10, 1 1, and 18-22 are finally rejected. 

(4) . Status of Amendments 

As indicated in the September 13, 2001 Advisory Action, the amendments presented 
in the August 29, 2001 Amendment have been entered. The claims, as presently pending and 
as so amended, are listed in the attached Appendix. 

(5) . Summary of the Invention 

The invention relates to multilayered air-fuel ratio sensors of the sort which are used 
to control the operation of an internal combustion engine. In of air-fuel ratio sensors of the 
sort to which the invention pertains, a series of substrate layers, including at least one solid 
electrolytic substrate layer and at least one insulating substrate layer, are laminated together. 
Various ones of the layers have cavities formed in them. A reference gas (e.g., air) is 
introduced into one such cavity, and gas being measured (e.g., exhaust gas) is introduced into 
another such chamber. Appropriate electrodes are formed on opposite surfaces of the 
electrolytic substrate layer, and by measuring one or more electrical parameters such as 
current flow or voltage across the electrolytic substrate layer between the electrodes, various 
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parameters of interest (air-fuel ratio, carbon monoxide concentration, nitrogen oxide 
concentration, etc.) can be ascertained, as is known in the art. 

As is also known in the art, in order for such air-fuel ratio sensors to function 
properly, the sensing element needs to be at a predetermined, elevated active temperature. 
Therefore, such air- fuel ratio sensors typically also have a heater to heat the sensor element to 
the active temperature. Heating the sensor can cause thermal shock and/or thermally induced 
stress, which can cause cracks to form in the sensor. Such cracks can cause the sensor to 
break (as a result of vibration to which it is subjected) or otherwise fail. The present 
invention overcomes such drawbacks in the prior art. 

According to the present invention, an air-fuel ratio sensor includes, in addition to at 
least one solid electrolytic substrate layer and at least one insulating substrate layer, a 
boundary layer that is interposed between the solid electrolytic substrate layer and the 
insulating substrate layer. The boundary layer has an average sintered particle size that is 
larger than the average sintered particle size of the electrolytic substrate layer and that is 
larger than the average sintered particle size of the insulating substrate layer. As illustrated in 
FIGURES 5 and 6 of the Application, providing such a boundary layer (termed a 
"heterogeneous layer" in those FIGURES) significantly increases the sensor's bending 
strength (which increases the sensor's resistance to breaking) and the sensor's spalling strength 
(which increases the sensor's ability to withstand thermal shock). 

In preferred embodiments, as reflected by the various claims, the porosity of the 
boundary layer is also larger than the porosity of the substrate layers, and the composition of 
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the boundary layer is different from the composition of the electrolytic substrate layer and/or 
the insulating substrate layer. 

(6) . Issues Presented for Review 

Whether claims 1, 2, 4, 6, 7, 10, 1 1, and 18-22 would have been obvious in view of 
the prior art. More particularly, whether the claims would have been obvious based on 
Mase et al., U.S. Patent No. 4,861,456, in view of Suzuki et al., U.S. Patent No. 4,177,1 12. 

(7) . Grouping of the Claims 

All claims stand or fall together. 

(8) . Argument 

The primary issue on Appeal is whether the claimed invention would have been 
obvious based on Mase et al., U.S. Patent No. 4,861,456, in view of Suzuki et al., U.S. Patent 
No. 4,177,1 12.' According to the May 11, 2001 Office Action, 

Mase '456 discloses an alumina layer 54 directly sandwiched by an insulating 
layer 50 and an electrolyte layer 28, an alumina layer 34 directly sandwiched by 
electrolyte layers 28 and 8, and an alumina layer 20 directly sandwiched by electrolyte 
layers 8 and 10. The alumina layers are porous for the purpose of minimizing stress 
due to difference in coefficents of thermal expansion. Thus, the alumina layers 
correspond to applicant's "boundary layer". See col. 6, line 50 to col. 8, line 38. 
Applicant's [sic] claims differ by calling for the boundary layer to have an average 



1 As noted above, all claims stand or fall together. Accordingly, Applicants' argument is limited to the combined 
teachings of Mase et al. and Suzuki et al. vis-a-vis the average sintered particle size and relative porosity of the 
claim-specified layers. 
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sintered particle size larger than or different from those of the electrolyte layer and the 
insulating layer.' 2 ' 

Furthermore, according to the Examiner, Suzuki discloses first and second coating 
layers 4 and 4', with it being specified that the pores of the second coating layer are larger 
than the pores of the first coating layer and that the average grain size of the second coating 
layer (approximately 40 fi) is larger than the average grain size of the first coating layer 
(approximately 10 u). Therefore, according to the Examiner, 

[i]t would have been obvious for Mase to use larger particles in the boundary layer in 
order to obtain a more porous layer in view of Suzuki, since the adoption of known 
features from analogous prior art in the absence of unexpected result [sic] is within the 
skill of the art [and also since it] would make it unnecessary to resort to subsequent 
treatment for effecting the desired high porosity in the boundary layer. 

Applicants respectfully submit that the combination of references does not disclose 

the claimed invention and, secondarily, that the assumption underlying the Examiner's 

analysis is incorrect. 



a- Mase '456 Does Not Disclose What the Examiner Asserts It Discloses 

In essence, the Examiner's argument is that (a) Mase discloses the boundary layer as 
being more porous than the electrolytic and insulating layers; (b) Suzuki establishes 
equivalence of porosity and particle size; and (c) therefore, it would have been obvious to 
make the particles of the Mase boundary layer larger than those of the electrolytic substrate 
layer and insulating substrate layer in order to achieve the larger porosity of the boundary 



The claims, as pending, have been amended to specify that the average sintered particle size of the boundary 
layer is larger than that of both the solid electrolytic substrate layer and the insulating substrate layer. The 
Examiner's assertion that the claims differ from Mase '456 to the extent they call for the boundary layer to have 
an average sintered particle size larger than or different from those of the electrolyte layer and insulating layer is 
an artifact from a previous rejection, at which point the claims specified more broadly that the average sintered 
boundary layer particle size is larger than that of the electrolytic substrate layer but simply different than that of 
the insulating substrate layer. 
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layer. Applicants note, however, that all Mase '456 indicates is that the electrical insulation 
layer 54 is formed of the same materials as used for the insulation layers 20, 26, and 34 (see 
column 8, lines 11-13), and that "it is preferred that the insulation layers 20, 26 and 34 are 
made porous, for effectively minimizing a stress due to difference in coefficient of thermal 
expansion between these insulation layers and the solid electrolyte materials 8, 10, 28." (See 
column 6, lines 61-68 of Mase '456.) Notably, Mase does not teach that the electrically 
insulating layer 54 is more porous (or even less porous) than the adjacent layers; rather, Mase 
is silent on this point. Accordingly, the combination of Mase and Suzuki does not appear to 
yield the claimed invention; therefore, Applicants respectfully submit that the rejection should 
be withdrawn. 

b. Larger Porosity Does Not Equal Larger Average Sintered Particle Size 

Even if Mase '456 does disclose what the Examiner has been asserting it discloses, 
average sintered particle size and porosity are not necessarily directly related. 3 In support of 
this assertion, Applicants previously provided the Examiner with factual evidence. In 
particular, Applicants submitted a published article entitled "High Purity/Fine Alumina" from 
the Sumitomo Chemical Company (copy enclosed) with the August 16, 2000 Response. As 
shown on page 2 of the article, the product AKP-3000 has an average sintered particle size 
(0.55 u) that is smaller than that of the product AKP-20 (0.57 u), whereas AKP-3000 has a 

3 Applicants note that the Application indicates (e.g., at page 4, lines 7-13) that the boundary layer preferably has 
a porous rate larger than those of the neighboring substrate layers but that it has an average sintered particle 
diameter larger than those of the neighboring layers. In other words, one attribute is preferable, whereas the 
other is defining. Consistent with this, claims 1 and 18 specify the relationship between average sintered particle 
size, with claims 2 and 19, respectively, further reciting relative porosity. The fact that the Examiner has not 
rejected claims 2 and 19 under 35 U.S.C. § 1 12, paragraph 4 as not specifying a further limitation of the claimed 
subject matter undercuts the Examiner's implicit assumption that average sintered particle size and porosity are 
one and the same. 
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significantly lower fired density, and therefore a significantly higher fired porosity, than 
AKP-20. 

In further support of the fact that average sintered particle size is not analogous to 
porosity, Applicants submitted an article entitled "Development of Advanced Alumina 
'Sumicorundum'" (copy enclosed along with a copy of a translation of the relevant portion of 
that article with the January 25, 2001 Amendment. As explained in that article and in the 
Amendment with which it was submitted, when the particle size distribution is spread over a 
wide range (i.e., when the particle size is non-uniform), the sintering reaction begins with 
relatively small particles randomly and locally, thereby causing unevenness and resulting in 
residual voids or bulky particles (i.e., higher porosity). Therefore, as the authors of that 
article explain, using particles having uniform or homogeneous size is key to avoiding the 
formation of residual voids or bulky particles, which can cause the sintered body to have poor 
properties. According to the article, with Sumicorundum, higher sintering density (i.e., lower 
porosity ) than AKP can be obtained, despite the fact that the particle size of Sumicorundum is 
larger than that of AKP. 

In response to such evidence, the Examiner tried to dismiss AKP-3000 as "one slight 
deviation" from the perceived principle of "higher porosity equals larger grain size," which 
alleged deviation could be explained by its wider particle distribution range (as Applicants 
themselves explained). (See page 3 of the February 1, 2001 Advisory Action.) Therefore, the 
Examiner asserted in unsupported, self-fulfilling fashion, "[i]t would be reasonable to 
conclude that if AKP-3000 had the same particle distribution range as AKP-20, AKP-3000 
would yield a higher density than the latter." Based on that hypothetical departure from what 
the Sumitomo publication in fact discloses, the Examiner made the erroneous assertion that 

7 

30228882 l.DOC 



Sugtyama et al - Appln. No. 09/098,730 



"the Sumitomo publication is considered to support the Examiner's position rather than the 
applicant's position." Id. Similarly, the Examiner admitted that the Sumicorundum article 
teaches that a larger particle size can yield higher density, but dismissed or "explained away" 
that result on the basis that "it is clear from the discussion at page 1, second paragraph from 
the bottom, of the translation that that result is achieved by having a narrow range of particle 
size." 4 

Furthermore, in the April 24, 2001 Office Action, the Examiner tried to defend his 
position by characterizing AKP-3000 as "one single sample [that] may run counter to the 
trend" and asserted that "the great majority of evidence in Sumimoto [sic]" is also in 
accordance with that alleged trend. If porosity and sintered particle size were, in fact, as 
directly related as the Examiner asserts, Applicants must wonder why the Examiner has failed 
to provide any further evidence in support of his position beyond Suzuki. In any event, why 
certain materials do not conform to the Examiner's notion that porosity is analogous to 
particle size is irrelevant; the fact of the matter is that such contrary examples directly refute 
that assumption, which underlies the rejection. 

Finally, as Applicants have pointed out previously, the layers in Suzuki on which the 
Examiner relies are deposited by plasma injection welding. See column 2, lines 39-42. 



4 In the most convoluted instance, the Examiner rebutted Applicants' explanation that "porosity is rather 
influenced by the purity or fineness of the materials [such that] when the particle size is uniform (even if an 
average particle size is large), an obtained sintered body has a relatively low porosity [whereas] when the 
particle size is not uniform (even if an average particle size is small), an obtained sintered body has a relatively 
high porosity" (see pages 4-5 of the August 16, 2000 Amendment) by "latching onto" the word "fineness" and 
noting that "fineness" can also refer to the size of something. Therefore, the Examiner asserted, Applicants were 
actually admitting the correctness of the Examiner's position. See page 3 of the September 25, 2000 Office 
Action. Applicants respectfully submit that such resort to word play, which turns Applicants' words against them 
and their argument on its head, demonstrates the weakness of the Examiner's position. 
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Therefore, Suzuki fails to disclose or teach any expected relationship between porosity and 
average sintered particle size. 

In view of the foregoing, Applicants respectfully submit that the Examiner has failed 
to set forth a prima facie case of obviousness. Alternatively, even if the Board is of the 
opinion that the Examiner did set forth a prima facie case of obviousness, Applicants 
respectfully submit that they properly and successfully rebutted that prima facie case of 
obviousness. Therefore, Applicants respectfully submit that the rejection must be withdrawn. 

(9). Conclusion 

For the reasons set forth above, the claimed invention is not disclosed in or suggested 
by the combination of prior art presently of record. Therefore, Applicants respectfully request 
that the Board reverse the Examiner's rejection of claims 1, 2, 4, 6, 7, 10, 11, and 18-22. 



Respectfully submitted, 



PILLSBURY WINTHROP LLP 



KMF:emg 

1 600 Tysons Boulevard 
McLean, VA 22120 




Phone: (703)905-2066 



Tel: (703) 905-2000 
Fax: (703) 905-2500 
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7. APPENDIX A 

CLAIMS ON APPEAL 

The following claims are pending and the rejection thereof is being appealed. 

1 . (Six times amended) A multilayered air-fuel ratio sensor having a plurality 
of stacked layers comprising: 

a plurality of substrate layers comprising at least one solid electrolytic substrate layer 
and at least one insulating substrate layer; and 

a boundary layer interposed between said solid electrolytic substrate layer and said 
insulating substrate layer; 

wherein said boundary layer has an average sintered particle size that is larger than 
that of said solid electrolytic substrate layer and that is larger than that of said insulating 
substrate layer. 

2. (Thrice amended) The multilayered air-fuel ratio sensor according to claim 1, 
wherein said boundary layer has a porosity larger than that of said substrate layers. 

4. (Four times Amended) The multilayered air-fuel ratio sensor according to claim 1, 
wherein said boundary layer comprises a component selected from the group consisting of 
alumina, spinel, and steatite. 

6. (Amended) The multilayered air-fuel ratio sensor according to claim 1, wherein 
said boundary layer has a thickness in a range of 10 to 100 um. 

7. (Amended) The multilayered air-fuel ratio sensor according to claim 1, wherein 
said substrate layers comprise a plurality of solid electrolytic substrate layers, and said 
boundary layer is interposed immediately between two consecutive solid electrolytic substrate 
layers without any other intervening layer. 
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10. The multilayered air-fuel ratio sensor according to claim 1, wherein the 
composition of said boundary layer is different from the composition of said solid electrolytic 
substrate layer. 

1 1 . The multilayered air-fuel ratio sensor according to claim 1 0, wherein the 
composition of said boundary layer is different from the composition of said insulating 
substrate layer. 

18. (Amended) A multilayered air-fuel ratio sensor having a plurality of stacked 
layers comprising: 

a plurality of substrate layers comprising at least one solid electrolytic substrate layer 
and at least one insulating substrate layer; and 

a boundary layer interposed between said solid electrolytic substrate layer and said 
insulating substrate layer; 

wherein said boundary layer has an average sintered particle size that is larger than 
that of said solid electrolytic substrate layer and that is larger than that of said insulating 
substrate layer and wherein the composition of said boundary layer is different from the 
composition of said solid electrolytic substrate layer. 

19. The multilayered air-fuel ratio sensor according to claim 18, wherein said 
boundary layer has a porosity that is larger than that of said substrate layers. 

20. The multilayered air-fuel ratio sensor according to claim 1 8, wherein said 
boundary layer comprises a component selected from the group consisting of alumina, spinel, 
and steatite. 

21. The multilayered air-fuel ratio sensor according to claim 18, wherein said 
boundary layer has a thickness that is in the range of 10 to 100 u. 

22. The multilayered air-fuel ratio sensor according to claim 18, wherein said 
substrate layers comprise a plurality of solid electrolytic substrate layers, and said boundary 
layer is interposed immediately between two consecutive solid electrolytic substrate layers 
without any other intervening layer. 
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<Page 1 1, left column, line 10 to right column, line 10> 
1 . Sintered body 

The sintered body is one of major applications of alumina powder and 
belongs to the field requiring highly advanced properties. To attain highly 
advanced properties, it is definitely necessary to precisely control the micro 
structure of a sintered body. Especially, in a manufacturing process, uniformly 
mixing and dispersing required various additives is very important to form a 
uniform or homogeneous particle filler body.. To this end, using a powder having 
a uniform particle size and excellent filler property is strongly required. 

Fig. 15 is a photograph of SEM which shows a filler structure of 
SUMICORUNDUM particles fabricated by a slit cast method. Formation of a 
uniform filler structure is certainly recognized. 

The sintering reaction or phenomenon advances with reducing particle size. 
Hence,-a power having a- wide-spread particle distribution tends "to cause 
nonuniform sintering reaction or phenomenon in a wide temperature range, 
resulting in delayed densification. Fig. 1 6 is a contraction profile showing sintering 
behavior in increased temperatures. According to this profile, it is understood that 
SUMICORUNDUM(CX^^>^J has excellent properties in attaining quick 
densification because SUMICORUNDUM has a sharp particle size distribution 
with less micro particles, although the sintering reaction or phenomenon is not 
found in low temperatures. 

In general, residual voids or bulky particles give bad influence to the 
properties of a sintered body. Such residual voids or bulky particles are usually 
produced when nonuniform filler particles are used or when the sintering reaction 
is nonuniform. However, using SUMICORUNDUM makes it possible to eliminate 
these drawbacks, thereby obtaining a highly densified sintered body. Fig. 1 7 shows 
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a temperature (/MJg) dependency of the sintering density ( &Jg) . The BET specific 
surface area (i.e., ratio of surface to volume) is an index of primary particle size. 
SUMICORUNDUM attains a higher sintering density than AKP, although 
SUMICORUNDUM has a small BET value (= large particle size). — -BET (m 2 /g) 
of SUMICORUNDUM is 5.2 while that of AKP -30 is 6.8, as apparent from Fig. 
16. 

Fig. 1 8 shows an organization of a ground inside portion of a sintered body 
observed by an optical microscope. It is confirmed that SUMICORUNDUM is a 
pore-free sintered body which has no voids and is excellent in strength, anti- 
abrasion nature, and anti-corrosion nature. Fig. 19 shows a 4-point bending 
strength of a sintered body fabricated by the slip cast method. 



Page 2 of 2 



igtt SlTiU $ "X $ =J 7 > # A" 



3i ff] IE IS* 

ffl «f © 

f*l ffl H ^ 

sa fi 



Development of Advanced Alumina 
"SUMICORUNDUM" 



Tsukuba Research Laboratory 

Masahide Mohri 
Shinichiro Tanaka 
Yoshio Uchida 
Yoshinari Sawabe 



Alumina powders is the most widely used in the world for oxide ceramic applications. An ideal 
powder is mono-dispersed powder which has not been able to be produced commercially yet. 

We developed a nearly mono-dispersed alumina powder "SUMICORUNDUM" which is crystallinely 
grown by In Situ Chemical Vapor Deposition. SUMICORUNDUM is single crystal powder which 
has precisely controlled particle size, and will make a breakthrough in the manufacture of alumina 
ceramic. 

In this report we summarize superior characteristics and several applications of SUMICORUNDUM. 
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